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ABSTRACT

Hydrazone complexes of Co(Il), Ni(Il), Cu(l) and Zn(Il) with acetone
acetylhydrazone(AAH) ligand derived from the condensation of acetone and acetylhydrazine,
containing N and O donor sites have been synthesized. The complexes are characterized by
different physicochemical methods, elemental analysis, molar conductivity, IR, UV-Vis spectra and
also magnetic measurements. The discussion of the out come data of the prepared complexes
indicate that AAH behave as a neutral bidentate ligand. The electronic spectra as well as their
magnetic moments suggest octahedral geometry for the bis- and tris- complexes, [M(AAH),Cl,],
[M(AAH)3](NO3), [M= Co(Il), Ni(Il), Cu(Il), Zn(II)] and the mixed ligand complex [Ni(AAH)
(Py).ClL;] and tetrahedral geometry for the mono complexes [M(AAH)CL][M= Co(Il), Cu(Il),
Zn(Il)] and the other prepared mixed ligand complexes [Co(AAH)(Py),]Cl, and
[Cu(AAH)(Py)CI]CI. The antimicrobial properties of the ligand and most of its complexes were
studied using Gram-positive and Gram-negative bacteria. The metal complexes were found to have
a moderate activity and Zn(II) complexes were the most active.
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INTRODUCTION

Hydrazones are promising ligands from the view point of coordination chemistry because of
their ability towards complexation with transition and non-transition metals (Raveendran and Pal,
2009; Galic et al., 2011; Matoga et al., 2012), and the wide range of biological and non-biological
properties (Matoga et al., 2011; Suvarapu et al., 2012; Mackova et al., 2012). Among the ligand
systems, hydrazones occupy a special place because many transition metal complexes of these
ligands have been developed due to their chelating capabilities, structural flexibility, interesting
electrical as well as magnetic properties (Rao et al., 1997; Vinuelas-Zahinos et al., 2009; Galic et
al., 2011; Sadhukhan et al., 2011; Matoga et al., 2012; Datta et al., 2012). Due to short N-N bond
length, the hydrazone ligands act mostly as bidentate (NO) moieties although they have the
potential to act as tridentate ligands (ONN) in ligand systems containing groups having other donor
sites (e.g., Heterocyclic rings) (Jang et al., 2005).

It is well established that the formation of metal complexes plays an important role to enhance
the biological activity of free hydrazones (Suvarapu et al., 2012; Mackova et al., 2012). Therefore,
the chemistry of transition metals with hydrazones has been of interest to coordination as well as
bio-inorganic chemists. In an analytical chemistry also, hydrazone ligands find wide applications as
transition metal binders (Suvarapu et al., 2012).

Acetone hydrazones of various aromatic carboxylic acid hydrazides were prepared and their
complexes with some transition metal ions have been studied. They show varsatile binding modes
and applications (Aggarwal, and Rao, 1978; Chowdhury et al., 2008; Ibrahim et al., 2009; Matoga
et al, 2011; Matoga et al., 2012). Recently, acetone hydrazone of 3-hydroxy-2- naphthoyl
hydrazide form a number of novel compounds with Cu(Il), Co(Il) and Ni(II) having polymeric
structures and affording conducting metallopolymeric films upon electropolymerization (Matoga,
2013).

On the other hand, coordination compounds of aromatic hydrazones have been thoroughly
investigated, in contrast, metal complexes based on aliphatic hydrazones (Vinuelas-Zahinos et al.,
2009; Sadhukhan et al., 2011; Datta et al., 2012) are yet to be explored. Herein we report a number
of acetone acetylhydrazone complexes with various transition metal salts. The present paper
describes the syntheses and characterization of these complexes by various physico-chemical
techniques and testing of the antibacterial activity of some of them.

EXPERIMENTAL
I- Material and Methods
All chemicals used were reagent grade from Fluka or B.D.H. companies, used as supplied.

The metal content of the complexes was determined volumetrically (Ni, Cu, Zn) against standard
EDTA using suitable indicator (Vogel, 1989). Cobalt was determined spectrophotometerically
(Marczenko and Balcerzak, 2000) chloride content was estimated by Mohr's method (Vogel, 1989).
The IR spectra of the ligand and its complexes were recorded as KBr pellets in the region 4000-400
cm' on Tensor 27 Brucker FT-IR spectrophotometer. Conductivity measurement was performed on
10° M solutions of the complexes in DMF and /or acetonitrile at room temperature (Ca. 25°C),
using PMC3 Jeneway and Terminal 740 wtw conductivity meters. Electronic spectra were recorded
on Shimadzu UV — 1650 PC spectrophotometer for 10~ M solutions of the ligand and complexes in
DMF or acetonitrile solvents at room temperature . Magnetic susceptibility measurements of the
complexes were carried out using Bruker BM6 instrument at ambient temperature. Melting points
were determined using electrothermal 9300 apparatus.
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II. Preparation of ligand
I1. a- Preparation of Acetylhydrazine

It was prepared by the reaction of ethylacetate and hydrazine hydrate as described previously
(Alsaady and Al-Daher, 2000) and purified by recrystallization from chloroform/ ether mixture .
The white crystalline solid obtained is hygroscopic stored in dry conditions mp. 62 °C (Ahmed and
Chaudri, 1971).

I1. b- Preparation of acetone acetyl hydrazone (AAH)

Acetylhydrazine (3.7 g, 0.05 mole) was dissolved in dry acetone (20 mL) with continous
stirring, exothermic reaction takes place. The stirring continued for further 30 minutes and the
solution obtained was allowed to stand overnight upon which white crystalline solid formed. The
solid was then separated by decantation washed with cold acetone (5 mL) dried by vacuum and kept
in a dissecator over anhydrous CaCl,. Yield 85% m.p. 96 °C (Chowdhury et al., 2008).

II1. Preparation of metal complexes:
III. a- Preparation of the bis-complexes [ M(AAH),Cl;] M= Co(II), Ni(Il), Cu(II), Zn(II).
Acetone acetylhydrazone (AAH) (0.228 g, 2 mmol) in absolute ethanol (10 mL) was gradually
added to (10 mL) ethanolic solution of metal chlorides (I mmol)[ 0.238 g, CoCl,.6H,O , 0.238 g,
NiCl,.6H,0, 0.171 g, CuCl,2H,0, 0.136 g, ZnCl,] with continuous stirring. After a complete
addition the solution was heated under reflux for 1 h then left to stand over night upon which
crystalline solid formed. The solid was then separated , washed with cold ethanol (2 x 2 mL)
followed by ether (5 mL) and dried in an oven at 70 — 80° C.

II1. b- Preparation of mono complexes [ M(AAH)Cl;], M= Co(1I), Cu(Il), Zn(II).

These were prepared as described in (Ila) above except that 1:1 (metal ; ligand) molar ratio
were used and an oily residue was obtained on addition of ether (10 mL) to the cold reaction
mixture, which redisolved in acetone (10 mL) and left to crystallize out. The solid was then
separated and washed with ether (5 mL) and dried as above.

IIL. c- Preparation of tris-complexes | M(AAH);3](NO3),, M= Co(II), Ni(II), Cu(II), Zn(II).

These complexes were prepared as described in (III-a) above except that (1:3) (metal: ligand)
molar ratio were used , (0.342 g, 3 mmol) AAH and (1 mmol) metal nitrate hydrate (0.291 g,
Co(NO3)2.6H,0; 0.291 g Ni(NOs),.6H,0; 0.242 g Cu(NO3)».3H,0; 0.297 g Zn(NOs),.6H,0). The
complexes were separated, washed and dried as in (Illa) above.

III. d- Preparation of the mixed ligand complexes :

The ligand AAH (0.228 g, 2 mmol) dissolved in pyridine (5 mL) was added to an ethanolic
solution (10 mL) of metal chloride (I mmol). The reaction mixture was then stirred at room
temperature for 3h. The volume of the reaction mixture was reduced to ca. 5 mL and ether (10mL)
was added upon which oily residue was separated. The oil was redissolved in (5 mL) ethanol and
ether was added to cloudness and left in an ice bath overnight to obtain coloured solids separated
by decantation, washed with ether ( 3 x 3 mL) and finally dried as above.

Antibacterial activity

The antibacterial activity of the ligand and some of its complexes were studied using agar
diffusion method (Kethcum, 1988). Gram positive bacteria Staphylococcus aureus and Gram
negative bacteria Escherichia coli were cultivated in nutrient agar on petridishes. The test solution
was prepared by weighing (10 mg) of all tested substance then dissolved in (1 mL) DMSO. A 6 mm
diameter filter paper discs were socked in the tested solutions. After 24 h cultivation at 37 C,
diameters of zones of inhibition were determined. DMSO was inactive under applied conditions.



41 Abdul Ghany M. Al-Daher and Thana Y. Yousif

RESULTS AND DISCUSSION
Acetone acetylhydrazone (AAH) was prepared in high yield by condensation reaction of
acetylhydrazine and acetone Scheme 1. Exothermic reaction takes place by dissolving
acetylhydrazine in an excess of acetone at room temperature. The produced hydrazone separated as
stable white crystalline and non — hygroscopic solid unlike the starting material (acetylhydrazine)
which is extremely hygroscopic.

: TI) q /CH3 (‘)H CH,
|
CH3 CNHNH2 + CH3CCH3 _—> CH3C—N—N:C—CH3 CH3C:N'N:C'CH3
acetylhydrazine acetone aceton acetylhydrazone / enol-form
AHH
keto-form
MCl,. nH,Q MCl,. nH,0
Py M(NO;),.nH,O
[Ni(AAH)(Py),Cl,] [M(AAH),Cl,]
Co(AAH cl [M(AAH);](NO3), M= Co(II), Ni(II), Cu(I), Zn(II)
[Co( )(Py),]CL, M= Co(II), Ni(II), Cu(II), Zn(II)
[Cu(AAH)(Py)CIICI [M(AAH)CI,]
M= Co(II), Cu(II), Zn(II)
[Zn(AAH)(Py)Cl,]
Scheme 1

Acetone acetylhydrazone react with hydrated metal chloride in 1:2 (metal : ligand) molar
ratio in ethanol to produce bis complexes [M(AAH),Cl,][M= Co(II), Ni(II), Cu(Il), Zn(IT)] and in
1:1 molar ratio gave the mono-complexes [M(AAH)Cl,][M= Co(II), Cu(Il), Zn(II)] except in case
of Ni(II) the bis-complexes [Ni(AAH),Cl,] obtained in both cases. All chlorocomplexes (1-7) Table
1, are non-electrolytes as indicated by their molar conductance in DMF and in MeCN at room
temperature. The values of molar conductance for mono-complexes (5-7) in DMF are higher than
that expected for non-electrolyte complexes may be due to the displacement of some of the
coordinated chloride ions in coordination sphere by strong coordinating solvent DMF while in
methyl cyanide (MeCN) the molar conductonce measurement are within the range of non-
electrolyte complexes (Geary, 1971).

The reaction of the ligand AAH with metal nitrates gave the tris-complexes
[M(AAH);](NO3)2[M= Co(II), Ni(II), Cu(Il), Zn(II)]. The molar conductance data (Table 1),
indicated that these are 1:2 electrolyte (Geary, 1971).

Many unsuccessful attempts have been made to isolate complexes of acetone acetylhydrazone
in the deprotonated enol form similar to these reported for aromatic hydrazones (Singh et al., 1984;
Zhao et al., 2012; Shit et al., 2009) by carrying out the reaction in basic medium in presence of
acetate, triethylamine or pyridine. Instead, the later case gave mixed ligand hydrazone, pyridine
complexes (12-15). Molar conductance measurements (Table 1), showed that Ni(Il) and Zn(II)
complexes (12, 15) are non-electrolytes and Co(Il) complex (13) is 1:2 electrolyte while Cu(Il)
complex (14) is 1:1 electrolyte both in DMF and MeCN solutions.

All the complexes are quite stable in air non-hydroscopic soluble in polar solvents, insoluble
in ether and having defined melting points suggesting non-polymeric nature of the complexes. The
chemical analyses and physical properties of the ligand and its complexes are given in Table 1.
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Table 1: Analytical data and physical properties of the AAH complexes.

M.P. % %M % C1 4.2 1
No. Complex Colour o . Ohm™.cm”.mole
C Yield | Found(Caled.) |Found(Calcd.) DMF MeCN

L AAH White 96

1 [Ni(AAH),Cl,] Bluish-green | 224-226 | 65.8 16.26(16.41) 20.69(19.84) 14.1 18

2 [Co(AAH),Cl,] Pink 246-248 | 62.5 15.76(16.46) 19.52(19.83) 20.4 22

3 [Cu(AAH),Cl,] Dark-green 172 67.3 18.39(17.52) 19.33(19.58) 6.3 12

4 [Zn(AAH),Cl,] White 244 69.2 17.35(17.94) 20.39(19.48) 29.1 25

5 [Co(AAH)CI,] Blue 118 68.6 24.15(24.25) 28.71(29.11) 51.1 17.8

6 [Cu(AAH)Cl,] Pale-green | 172-174 | 723 26.42(25.56) 29.51(28.56) 75.1 26.9

7 [Zn(AAH)CL,] White 258 63.7 26.21(26.11) 27.98(28.35) 39.9 26.0

8 [NiI(AAH);](NOs), Pale blue 244 64.4 11.93(11.19) 123.5 205

9 [Co(AAH);](NO3), Pink 136 67.7 10.97(11.22) 84.5 164

10 [Cu(AAH);](NO;), Dark-green 96 69.5 12.54(12.00) 1353 151

11 [Zn(AAH);](NOs), White 142-144 | 68.8 13.10(12.30) 97.5 203

12 [Ni(AAH)(Py),Cl,] | Bluish-green 308 63.5 15.34(14.62) 18.24(17.67) 30.5 27.5

13 [Co(AAH)(Py),]Cl, Blue 198 62.5 13.70(14.66) 17.88(17.66) 143.1 167.2

14 | [Cu(AAH)(Py)CI]CI Blue 226 64.1 18.71(19.40) 21.81(21.67) 62.3 64.7

15 [Zn(AAH)(Py)Cl,] White 196 63.4 20.73(19.85) 22.11(21.55) 24.7 26.3

Infrared Spectra

The significant IR bands of acetone acetylhydrazone (AAH) and its complexes along with
their tentative assignments are reported in (Table 2) used for the establishment of the mode of the
coordination of hydrazone ligand towards the metal ion. The IR spectrum of acetone
acetylhydrazone displays bands at (3238 and 3209) assigned for vNH, and 1668, 1622 and 982
assignable to vC=0, vC=N and vN-N stretching frequencies respectively.

The presence of the bands due to amide vNH and vC=0 stretching frequencies in the spectra
of all prepared complexes indicating the coordination of AAH in the keto-form. The vNH
stretching frequency is almost unchanged or shifted to higher frequencies indicating the non-
involvement of this group in coordination and a decrease in hydrogen bonding in complex
formation may occur. On the other hand, a considerable negative shift in vC=0 band was observed
indicating a decrease in the stretching force constant of (C=0O) band as a consequence of
coordination through the carbonyl oxygen atom of the ligand (Liang et al., 2010; Zaho et al., 2012).

On the other hand, the value of v (C=N) stretching vibration is found to be lower (8-52 cm™)
than the vC=N of the free ligand, (Table 2). This lower value of v(C=N) stretching may be
explained on the basis of a drift of lone pair density of azomethine nitrogen towards the metal atom
(Chowdhury et al., 2008). The positive shift of (15-36 cm™) in the vN-N stretching mode is another
evidence for coordination of azomethine nitrogen atom which decreases the repulsion between the
lone pair of electrons on the adjacent nitrogen atoms (Shit et al., 2009).

The ligand coordination is substantiated by new bands appearing at (577- 625 cm™) and (507-
540 cm™) in the spectra of the complexes, these are mainly attributed to v (M-O) and v (M-N)
respectively.

The metal nitrate complexes (8-11) exhibit a very strong band at the region 1381- 1387 cm’'
and a medium intensity band at the region 823-825 cm’', which are attributed to the v 3, v 2
vibrations, respectively of uncoordinated nitrate ion of D3h symmetry which is in a good agreement
with the molar conductance data in (Table 1). (Nakamoto, 1986; Liang et al., 2010)

Pyridine containing complexes (12-15) show two characterstic bands at 702-760 cm™ and
630-640 cm™ assignable to in-plane and out of plane deformation frequencies of coordinated
pyridine molecules(Nakamoto, 1986).
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Table 2: Some selected frequencies (cm™) of the ligand and its complexes

C;‘:p' V(NH) | v(C=0) | v(C=N) | v(N-N) | v(M-0) | v(M-N) | dpy | v(NOy)
3238m | 1668s
L 23500m 1622s | 982m
1 3195m 1 oas 1589s | 1007m | 606m 515w
3153m
2 3188s | 1653s 1589s | 1007w | 607m 537m
3 3219s 1635 1576s | 1012w | 600w 526m
3157m
4 3246s | 1655s 1585s | 1014m | 619m 511m
5 3261 ) 651 1597s | 1007w | 619m 511m
3172m
6 32385 ) 6536 1614s | 1012w | 621m 540w
3178s
3230
7 3170 1637s 1570s | 1001w | 625w 513m
8 3253s | 1653s 1589m | 1005w | 606m 526w 1832853:
3276s 1381s
9 Tlsae | 1647 1587s | 999w | 598m 523m S
3224 1385s
10 Tlel 1640s 1597s | 1018w | 609m 526w S
3238m 1387s
11 75 | 16358 1570m | 997m | 590m 519w Sr3
3255 s 702s
12 Tlaen | 1653s 1604s | 1011m | 592m SISW | a0
3265s 758s
13 S1omm | 1654 1614s | 1016m | 596m 507w | o
14 3275m | 1655s 1606s | 1018m | 577m so7w | /90
652m
7265
15 3252m | 1645s 1608s | 1016m | 582m 517w
640m

Electronic Spectra and Magnetic Properties

The nature of the ligand field around the metal ion and the geometry of the metal complexes
have been deduced from the electronic spectra of the metal complexes.

The spectrum of the ligand shows two high and medium intensity bands at 36232 and 30769
cm” due to m-n* and n-* transitions of the carbonyl and azomethine groups of the ligand. These
were shifted to high or lower frequencies Table 3 indicating a coordination of the ligand though the
donor atoms of its functional groups( Galic et al., 2011)

In case of Ni(II) complexes (1, 8, 12) three bands at 25445-26525 cm’, 14790-16393 cm™ and
9433-10890 cm™' are observed due to *A,g —8T 1g(p), A,g—>T1g(F) and *A,g —8T,g(F)
transitions, respectively, suggesting an octahedral geometry around the Ni(Il) ion (Kumar and
Radhakrishnan, 2011). The magnatic moment values of Ni(Il) complexes are in the range (3.19-
3.22) BM which is slightly higher than the spin only (2.83) BM value and indicates an octahedral
environment around Ni(II) ions Table 3. The electronic spectrum of cobalt (IT) complexes (2, 9)
exhibits bands at the ranges 16501- 19011 cm™ , 11757-14881 cm™ and 9700-9818 can be assigned
to ‘Tigry —» *Asgr, ‘Tige — ‘Tige) and *Tige —> “Tog), transition respectively for
octahedral Co(II) complexes. The magnetic moment values of (4.90 and 4.72) B.M. of these two
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complexes supports the presence of an octahedral geometry around Co(II) (Singh et al., 2013). The
other two Co(II) complexes (5, 13) have lower values of magnetic moments (3.85- 3.80 BM) and
have intense bands at 14619 and 15105 cm™ respectively assignable to ‘T, —> 4T1(p) transition
characteristic for tetrahedral Co(Il) complexes.

The green coloured Cu(Il) complexes (3, 10) exhibit a single broad a symmetric band in the
region 13123-13157 cm™ . The broadness of the band indicates the three transitions *B;g— *A,g,
’B, g —» 2B2g and °B, g _>2Eg which are close in energy. The broadness of the band may be due
to Jahn-Teller distortion . The magnetic values of the two complexes (3, 10) are 2.01 and 2.09 BM
respectively slightly higher than spin only value for one unpaired electron. All of these data
suggests a distorted octahedral geometry around the Cu(Il) ion. On the other hand the spectra of
Cu(Il) complexes (6, 14) in methylcyanide (10~ M) solution show two d-d transition bands in the
region 11210-11415 and 21645-22123 cm™ which are in close agreement with those expected for a
pseudo tetrahedral structure (Lever, 1984). The magnetic susceptibility measurement of these
complexes are observed in the range (1.76-1.89) B.M. which confirm the proposed distorted
tetrahedral structure (Betanzos- Lara et al., 2013).

In the spectra of diamagnetic zinc(Il) complexes (4, 7, 11, 15), as expected, there were only the
bands characterizing the ligand displaced to other values compared with the corresponding bands in
the spectrum of the free ligand, which proves the coordination of the ligand to the metal ion.

Table 3: Magnetic susceptibility and electronic spectra of the ligand and its complexes

Complex No. Reir BM Electronic spectra Solvent
L - 36232, 30769
1 3.22 36765, 26525, 14790, 10890 DMF
2 4.90 37037, 28735, 16501, 14881, 9700 DMF
3 2.01 36764, 34013, 13123 DMF
4 Dia 36496, 31645 DMF
5 3.85 41322, 35971, 14619 MeCN
6 1.89 40983, 28409, 21645, 11415 MeCN
7 Dia 45871, 4006 MeCN
8 3.22 36764, 32258, 25445, 16393, 10162 DMF
9 4.72 36231, 29239, 19011, 11757, 9818 DMF
10 2.09 34246, 27397, 13157 DMF
11 Dia 37037, 29069 DMF
12 3.19 38461, 35087, 28735, 25575, 15432, 9433 DMF
13 3.80 35971, 30864, 15105 DMF
14 1.76 40000, 33112, 22123, 11210 MeCN
15 dia 36764, 32258 DMF

Antibacterial activity

The antibacterial activity of the newly synthesized hydrazone (AAH) and its Co(II), Ni(Il),
Cu(Il) and Zn(IT) complexes against Gram positive Staph. aureus and Gram negative E. coli
organism have been studied by the disk diffusion method (Collee et al., 1989). The antibacterial
results suggest that the complexes (Table 4) shows a moderate activity against both types of
bacteria. They show higher antibacterial activity than the ligand, specially Zn(II) complexes which
show the highest activity. The solvent DMSO was inactive against any bacterial strain.
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Table 4: Antibacterial activity of the ligand and its complexes

Comp. Staph. aureus E. coli
No. Empirical formula Diameter of inhibition Diameter of inhibition
zone (mm) zone (mm)

L CsHoN,O 6 6

1 [Ni(AAH),Cl,] 7 6

2 [Co(AAH),Cl,] 9 10

3 [Cu(AAH),Cl,] 10 7

4 [Zn(AAH),Cl,] 12 9

8 [Ni(AAH)3](NO;), 6 6

9 [Co(AAH);](NO3), 9 9

10 [Cu(AAH);](NO;), 9 8

11 [Zn(AAH);](NO;), 10 7

12 [Ni(AAH)(Py),Cl,] 7 6

13 [Co(AAH)(Py),]Cl, 10 10

14 [Cu(AAH)(Py)CI]CI 9 9

15 [Zn(AAH)(Py)Cl,] 17 10

CONCLUSION

The new aliphatic hydrazone acetone acetylhydrazone ligand and its complexes with Co(Il),
Ni(Il), Cu(Il) and Zn(II) were synthesized and characterized. Physicochemical studies allow to said
that the ligand coordinated as neutral bidentate (ON) forming octahedral bis-complexes
[M(AAH),Cl], tris-complexes [M(AAH);3](NOs), [M= Co(II), Ni(Il), Cu(Il), Zn(II)] Fig.(1) and
the mixed ligand complex [Ni(AAH)(Py).Cly]. The mono complexes [M(AAH)CL][M= Co(Il),
Cu(Il), Zn(I1)] and the mixed ligand complexes [Co(AAH)(Py),]Cl, and [Cu(AAH)(Py)CI]CI are
expected to have tetrahedral geometry Fig. (1).

The free ligand and some of its complexes were evaluated in vitro as antimicobal agents
against Gram positive Staph. aureus and Gram negative bacteria E. coli.

The evaluated metal complexes have a moderate activity against Gram positive bacteria Staph.
aureus and Gram negative E. coli, being Zn(II) complexes are the most active compound. It must be
emphasized that the studied metal complexes were more active than the free ligand.
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Fig. 1: Proposed structures of the prepared complexes.

46



47 Abdul Ghany M. Al-Daher and Thana Y. Yousif

REFERENCES

Aggarwal, R.C.; Rao, T.R. (1978). Synthesis and structural studies of some first row transition
metal complexes of acetone isonicotinoyl hydrazone. J. Inorg. Nucl. Chem., 40, 171-174.

Ahmed, A.D.; Chaudhuri, N.R. (1971). Acid hydrazides as ligands-III, metal complexes of
acetylhydrazide and benzoylhydrazide. J. Inorg. Nucl. Chem., 33, 189-204.

Alsaady, S.K.; Al-Daher, A.G.M. (2000). Preparation and study of uranyl chloride complexes with
some acid hydrazides. Iraqi J. Chem. 26(2), 462-470.

Betanzos- Lara, S.; Gracia-Mora, 1.; Granada-Macias, P.; Flores-Alamo, M.; Barba-Behrens, N.
(2013). Synthesis, characterization and biological activity of cobalt(Il), nickel(I), copper(Il)
and zinc(II) complexes of secnidazole. Inorg. Chem. Acta, 397, 94-100.

Chowdhury, D.A.; Uddin, M.N.; Sarker, A.H. (2008). Synthesis and characterization of
dioxouranium(VI) complexes of some aroylhydrazines and their Schiff bases with acetone.
Ching Mai J. Sci, 35(3), 483-494.

Collee, J.G.; Duguid, J.P.; Farser, A.G.; Mormion, B.D.(Eds) (1989). "Practical Medical
Microbiology". Charchill Livingstone, New York.

Datta, A.; Liu, P.; Huang, J.; Garribba, E.; Turnbull, M.; Machura, B.; Hsu, C.; Chang, W.; Pevec,
A. (2012). End-to-end thiocyanato bridged zig-zag polymers of Cu(Il), Co(Il) and Ni(II) with
a hydrazone ligand: EPR, magnetic susceptibility and biological study. Polyhedron 44, 77-87.

Galic, N.; Rubcic, M.; Magdic, K.; Cindric, M.; Tomisic, V. (2011). Solution and solid state
complexation of transition- metal cations and AI(II) by aroylhydrazones derived from
nicotinic acid hydrized. Inorg. Chim. Acta, 366,98-104.

Ibrahim, K.M.; Gabr, .LM.; Abu El-Reash, G.M.; Zaky, R.R. (2009). Spectral, magnetic, thermal,
antimicrobial and eukaryotic DNA studies on acetone [N-(3- hydroxyl-2- naphthoyl)]
hydrazone complexes. Monatsh Chem., 140, 625-632.

Jang, Y.J.; Lee, U.; Koo, B.K. (2005). Synthesis and crystal structures of Mn(II), Co(II), Ni(II),
Cu(IT) and Zn(IT) metal complexes with NNO functionalized ligands. Bull. Korean Chem.
Soc., 26(6), 925-929.

Kethcum, P.A. (1988). "Microbiology: concept and applications". John Wiley and Sons, New York,
pp. 379-400.

Kumar, P.M.; Radhakrishnan, P.K. (2011). Synthesis, spectral and x-ray structural studies of a NO
donor Schiff base ligand and its Ni(II) complexes. Inorg. Chim. Acta, 375, 84-92.

Lever, B.P. (1984). "Inorganic Electronic Spectroscopy". 2 nd edn., Elsevier Science, New York.
pp. 507-537.

Liang, B.; Liu, X.; Chen, J.; Li, K. (2010). Acetone salicyloylhydrazone of Ni(Il); synthesis,
molecular structures, and properties. J. Coord. Chem. 63(11), 1951-1959.

Mackova, E.; Hruskova, K.; Bendova, P.; Vavrova, A.; Jansova, H.; Haskova, P.; Kovarikova, P.;
Varrva, K.; Simune, T. (2012). Methyl and ethyl ketone analogs of salicylaldehyde
isonicotinoylhydrazone: novel iron chelators with selective antiproliferative action. Chem.
Biological Inter. 197, 69-79.

Marczenko, Z.; Balcerzak, M. (2000). "Separation, Preconcentration and Spectrophotometry in
Inorganic Analysis". Elsevier, 168 p.

Matoga, D. (2013). Structural and electrochemical diversity of Cu(Il), Co(II) and Ni(II) naphthoyl
hydrazonates: electropolymerizable copper chains. Polyhedron, 50, 576-581.

Matoga, D.; Szklarzewicz, J.; Nitek, W. (2012). Effect of ligand substituents on supermolecular
self-assembly and electrochemical properties of copper(I) complexes with
benzoylhydrazones: x-ray crystal structures and cyclic voltammetry. Polyhedron, 36, 120-126.

Matoga, D.; Szklarzewicz, J.; Grybos, R.; Kurpiewska, K.; Nitek, W. (2011). Spacer-dependent
structural and physicochemical diversity in copper(Il) complexes with salicyloyl hydrazones:
a monomer and soluble polymers. Inorg. Chem. 50, 3501-3510.



Synthesis, Spectral and Antibacterial............... 48

Mitu, L.; Raman, N.; Kriza, A.; Stanica, N.; Dianu, M. (2009). Templet synthesis, characterization
and antimicrobial activity of some new complexes with isonicotinoyl hydrazone ligands. J.
Serb. Chem. Soc. 74(10), 1075-1084.

Nakamoto, K. (1986). "Infrared and Raman Spectra of Inorganic and Coordination Compounds".
4th edn., Wiley, New York, p.206.

Rao, S.N.; Mishra, D.D.; Maurya, R. C.; Rao, N. (1997). Oxovanadium binuclear (IV) Schiff base
complexes derived from aroylhydrazones having subnormal magnetic moments. Polyhedron
16(11), 1825-1829.

Raveendran, R.; Pal, S. (2009). Cyclometalated ruthenium(IIl) complexes: synthesis, structure and
properties. J. Organomet. Chem., 694, 1482-1486.

Sadhukhan, D.; Ray, A.; Pilet, G.; Rizzoli, C.; Rosair, G.M.; Gomez- Garci, C.J.; Signorella, S.;
Bellu, S.; Mitra, S. (2011). Weak interactions modulating the dimensionality in
supramolecular architectures in three new nickel (II)-hydrazone complexes, magneto
structural correlation and catalytic potential for epoxidation of alkenes under phase transfer
conditions. Inorg. Chem. 50, 8326-8339.

Shit, S.; Chakraborty, J.; Samanta, B.; Slawin, A.M.Z.; Gramlich, V.; Mitra, S. (2009). Three new
coordination complexes of cobalt(Ill), manganese(Il) and copper(Il) with N,N,O-donor
hydrazone ligands: synthesis and structural characterizations. Struct. Chem., 20, 633-642.

Singh, B.; Singh, R.N.; Aggarwal, R.C. (1984). Synthesis, structural characterization and
antibacterial activity of 2-furoyl acetone hydrazone complexes with some bivalent metal ions.
Synth. React. Inorg. Met. Org. Chem. 14(3), 413-430.

Singh, V.P.; Singh, S.; Singh, D.P.; Singh, P.; Tiwari, K.; Mishra, M.; Batcher, R.J. (2013).
Synthesis, spectral and single crystal x-ray diffraction studies on Co(II), Ni(II), Cu(Il) and
Zn(IT) complexes with o-aminoacetophenone benzoylhydrazone. Polyhedron, 56, 71-81.

Suvarapu, L.N.; Seo, Y.K.; Baek, S.0.; Ammired, V.R. (2012). Review on analytical and biological
applications of hydrazones and their metal complexes. E. J. Chem., 9(3), 1288-1304.

Vinuelas-Zahinos, E.; Luna- Giles, F.; Torres- Garcia, P.; Bernalte-Garcia, A. (2009). Chloride-
bridged Ni(II) complexes with ferromagnetic exchange interaction from thiazoline hydrazone
derivative ligands. Polyhedron 28, 1362-1368.

Vogel, A.L. (1989). "Vogel's Textbook of Quantitative Analysis". 5th edn., Longman Scientific,
England, pp.326-331, 349.

Zhao, S.; Wang, S.; Liu, X.; Liang, B.; Li, L.; Cou, H.; Li, K.(2012). Synthesis crystal structures
and selected properties of Cu(Il) and Zn(II) complexes with in situ formed 2-hydroxy-N-
(propan -2- ylidene) benzohydrazide. J. Coord. Chem. 65(24), 4277-4287.



